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Introduction

Soil Nails designed by geotechnical designer, and design information provided for the design of the Wall Facing. 

References
1 WSDOT Bridge Design Manual M 23-50.18, June 2018 (BDM)
2 WSDOT Design Manual M 22-01.16, February 2019 (DM)
3 FHWA NHI 14-007, Geotechnical Engineering Circular 007, Soil Nail Walls Reference Manual (2015)
4 FHWA0-IF-03-017 Geotechnical Engineering Circular No. 7, Soil Nail Walls (2003)
5 Geotechnical Design Information - Attached
6 WSDOT BDM Plans for Soil Nail Walls
7 AASHTO LRFD Bridge Design Specifications

RFP Section 2.13.4.3 Retaining Wall Design Criteria

WSDOT BDM, 8.1.2 

WSDOT BDM, 8.1.8 

WSDOT BDM, 8.1.8 

WSDOT BDM,Appendix 8.1
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DMP 9/24/2020DATE

WSDOT BDM, Chapter 8, Section 8.1.9.C Fall Protection

WSDOT DM 730.04 Design Requirements

WAC 286-155-24615(2)

(c) Toe board specifications.
(i) A standard toe board must be a minimum of 4 inches nominal in vertical height from its top edge to the level of the floor, platform, runway, or ramp. 
It must be securely fastened in place with not more than one-quarter inch clearance above floor level. It may be made of any substantial material, 
either solid, or with openings not over one inch in greatest dimension.
(ii) Where material is piled to such height that a standard toe board does not provide protection, paneling, or screening from floor to intermediate rail 
or to top rail must be provided.

Toe boards are not 
applicable as railing to be 
mounted on top of walls, 
which will be constructed with 
top of wall 12" above grade.  
Additionally chain link mesh 
will be provided on full face.

Required vert H = 39-45 
inches.  Design for H = 42 
inches

SummaryInformation

(b) Minimum requirements for standard guardrail systems under various types of construction are specified in the following items:
(ii) For pipe railings, posts and top and intermediate railings must be at least 1 1/2 inches nominal OD diameter with posts spaced not more than 8 
feet on centers. Other configurations may be used for the top rail when the configuration meets the requirements of (b)(vii) of this subsection.

Using pipe railing option. 
Must have top and 
intermediate rails at min 1.5 
inch dia..  Vert Posts spaced 
no greater than 8 ft.

(v) The anchoring of posts and framing of members for railings of all types must be of such construction that the completed structure must be capable 
of withstanding a load of at least 200 pounds applied in any direction at any point on the top rail. The top rail must be between 39 and 45 inches in 
height at all points when this force is applied.

Design check using 200 lbs 
and to review AASHTO 
loading per RFP

2) Guardrail specifications.
(a) A standard guardrail system must consist of top rail, intermediate rail, and posts, and must have a vertical height of 39 to 45 inches from upper 
surface of top rail to floor, platform, runway, or ramp level. When conditions warrant, the height of the top edge may exceed the 45 inch height, 
provided the guardrail system meets all other criteria of this subsection. The intermediate rail must be halfway between the top rail and the floor, 
platform, runway, or ramp. The ends of the rails must not overhang the terminal posts except where such overhang does not constitute a projection 
hazard.

Intro
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Develop loading on panels above grade - assume to behave similar to noise wall.

WSDOT BDM, Chapter 8.2 Noise Barrier Walls

WSDOT BDM, Appendix 8.1-A1

WSDOT BDM, 3.11 Wind Loads

AASHTO Section 15 Design of Sound Barriers:

Intro
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For this wall location, by highway on hill - assume:

Ground Surface Roughness C

Wind Exposed Category C

Develop Strength III Wind Load - per AASHTO LRFD section above (use alone as loading):

PZ = 2.56x10-6*V2*Kz*G*CD

V = 110 mph (figure 3.8.1.1.2-1)
Kz = 1 (table C3.8.1.2.1-1, Z </= 33 ft - design for top of panel backfill side to first nail)
G = 0.85 (table 3.8.1.2.1-1)

CD = 1.2 (table 3.8.1.2.1-2)

PZ = 0.0316 ksf

Develop Strength V Wind Load - per AASHTO LRFD section above (use in combination with railing loading):

PZ = 2.56x10-6*V2*Kz*G*CD

V = 80 mph (table 3.8.1.1.2-1)
Kz = 1 (for Strength V)
G = 1 (for Strength V)

CD = 1.2 (table 3.8.1.2.1-2)

PZ = 0.0197 ksf

Develop Service I Wind Load - per AASHTO LRFD section above (use alone as loading):

PZ = 0.0125*CD (table C3.8.1.2.1-2)

CD = 1.2 (table 3.8.1.2.1-2)

PZ = 0.015 ksf

Intro
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AASHTO Section 4 Structural Analysis and Evaluation (see separate calculations for development of seismic forces)

AASHTO Section 3 Loads and Load Factors

Intro
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Facing Design - Section A-A Station 1+00 (start) to 2+20

Beginning of Wall (South End) L = 15'

DTL = 1,700 plf for Top Row; 2,500 plf for Remaining Rows

Nail Head Force: 18 kips static; 36 kips seismic

Will use BDM Standard Sheet for dimensions and confirm with analysis along with spacing and nail information provided by Geotech:

From FHWA NHI 14-007/GEC No. 7:

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Per FHWA ‐ need min 2" 
CLR for studs for 
corrosion protection ‐
all walls will have 
additional ~1‐1.5" of 
formliner ‐ therefore 
will keep 1.5" clr for 
calculations.

SEC A-A
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Provided:

Nail Size = #8 Nail Head Force: 18 kips static; 36 kips seismic

Grade = 75.00 ksi

SH = 6.00 ft

SV = 5.00 ft

Step 1 - Calculate the Design Nail Head Tensile Force - Provided by Geotechs (did not need to compute)

Permanent Static:  

To = 18.00 kips

γEV = 1.35 (AASHTO LRFD, Table 3.4.1-2, EV for retaining walls, per FHWA)

Seismic:

To = 36.00 kips

Υ = 1.00 (AASHTO LRFD, Table 3.4.1-1, Extreme Event I)

Step 2 - Select Wall Facing Thickness:

shotcrete thickness (h) = 6.00 in (initial)

CIP Fascia thickness (h) = 9.00 in (final)

Step 3 - Select Soil Wall Materials:

Bar Nail fy = 75.00 ksi (provided by Geotech)

Initial Facing - Shotcrete

WWF fy = 60.0 ksi

f'c = 4.0 ksi Specifications 6-18.3(2), shotcrete f'c=4000 psi

WWF = 4x4 - W4.0 x W4.0

ahm, avm = 0.12 in2 /ft

Bars at Nails = 4 (2 vert, 2 horz)

Bar As = 0.20 in2

No bars vert = 2

AVN = 0.40 in2

No bars horz = 2

AHN = 0.40 in2

Loads provided are from Geotech and have been 
converted to To (design nail tensile force).

SEC A-A
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Perm Facing - CIP Fascia

 Rebar fy = 60.0 ksi

CIP bars = 5

Bar As = 0.31 in2 / bar

spacing = 12.0 in

f'c = 4.0 ksi

Bearing Plate/Anchors

LBP = 9.0 in

WBP = 9.0 in

tp = 1.0 in

fy = 36.00 ksi Grade ASTM A36

no. of studs NH = 4 (per BDM example)

headed stud dia DSC  = 0.75 in

stud shaft area As = 0.44 in2

head size DSH = 1.30 in

clr = 1.50 in

shaft L = 6.13 in

head  tSH = 0.375 in (per BDM example)

Ls = shaft L + tSH = 6.50 in (max for CIP thickness)

SSH, spa = 6.00 in

fy = 60.00 ksi A307, Grade A

Step 4 - Flexural Resistance:

mm in.

SEC A-A
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Initial Facing (Shotcrete)

avm = 0.12 in2
ahm = 0.12 in2

avn = avm + AVN/SH ahn = ahm + AHN/SV

AVN = 0.40 in2
AHN = 0.40 in2

SH = 6.0 ft SV = 5.0 ft

avn = 0.19 in2 /ft ahn = 0.20 in2 /ft

F = (avn + avm) * SH/SV*h F = (ahn + ahm) * SV/SH*h

h = 0.50 ft h = 0.50 ft
F = smaller of: F = 0.18 F = 0.13

RFF = 3.8*CF*fy*F

CF = 1.50 (Table 6.5, for initial, thickness =  6.00 inches)

RFF = 45.60 kips

CDR = φFF*RFF/γ*To

φFF = 0.90 (Table 5.9)

Static: γEV = 1.35

To = 18.00 kips
Flexural Resistance CDR = 1.69 >= 1.00 OK

Seismic γ = 1.00
To = 36.00 kips

Flexural Resistance CDR = 1.14 >= 1.00 OK

Check reinforcement ratios:

(horizontal) ρTOT = 0.89 %

(vertical) ρTOT = 0.85 %

ρmin = 0.25 % ρmax = 2.00 %
(horizontal) < 0.89 OK > 0.89 OK

(vertical) < 0.85 OK > 0.85 OK

SEC A-A
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Final Facing (CIP Fascia)

avm = avn = 0.31 in2
ahm = ahn = 0.31 in2

SH = 6.0 ft SV = 5.0 ft

F = (avn + avm) * SH/SV*h F = (ahn + ahm) * SV/SH*h
h = 0.75 ft h = 0.75 ft

F = smaller of: F = 0.56 F = 0.39

RFF = 3.8*CF*fy*F

CF = 1 (Table 6.5, for final)

RFF = 88.35 kips

CDR = φFF*RFF/γ*To

φFF = 0.90 (Table 5.9)

Static: γEV = 1.35
To = 18.00 kips

Flexural Resistance CDR = 3.27 >= 1.00 OK

Seismic: γ = 1.00
To = 36.00 kips

Flexural Resistance CDR = 1.64 >= 1.00 OK

Check reinforcement ratios:

(horizontal) ρTOT = 1.15 %

(vertical) ρTOT = 1.15 %

ρmin = 0.25 % ρmax = 2.00 %
(horizontal) < 1.15 OK > 1.15 OK

(vertical) < 1.15 OK > 1.15 OK

SEC A-A
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Step 5 - Facing Punching Shear Resistance:

SEC A-A

Page 16



                                                                                                     15                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section A-A Station 1+00 (start) to 2+20

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Initial Facing (Shotcrete) D'c = LBP + hi

LBP = 9.00 in

hc = hi = 6.00 in
D'c = 15.00 in
VF = 71.99 kips

CP = 1.00 (assume negligible)

RFP = CP*VF = 71.99 kips

CDR = φFP*RFP/γ*To

φFP = 0.90 (Table 5.10)

Static: γEV = 1.35
To = 18.00 kips

Punching Shear CDR = 2.67 >= 1.00 OK

Seismic: γ = 1.00
To = 36.00 kips

Punching Shear CDR = 1.33 >= 1.00 OK

Final Facing (CIP Fascia) D'c = smaller SSH+hc  or   2*hc

hc = LS + tp - tSH

LS = 6.50 in
tp = 1.0 in

tSH = 0.375 in
hc = 7.125 in

SSH = 6.00 in

SSH+hc  = 13.125 in

2*hc = 14.25 in
D'c (min) = 13.125 in

VF = 74.80 kips

CP = 1.00 (assume negligible)

RFP = CP*VF = 74.80 kips

CDR = φFP*RFP/γ*To

φFP = 0.90 (Table 5.9)

Static: γEV = 1.35
To = 18.00 kips

Punching Shear CDR = 2.77 >= 1.00 OK

Seismic: γ = 1.00
To = 36.00 kips

Punching Shear CDR = 1.39 >= 1.00 OK

SEC A-A
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Step 6 - Facing Head Stud Resistance:

NH = 4

As = 0.44 in2

fy = 60.00 ksi
RFH = 105.98 kips

CDR = φFP*RFP/γ*To

φFP = 0.70 (Table 5.11)

Static: γEV = 1.35
To = 18.00 kips

Stud Resistance CDR = 3.05 >= 1.00 OK

Seismic: γ = 1.00
To = 36.00 kips

Stud Resistance CDR = 1.53 >= 1.00 OK

Summary
Shotcrete Layer:

 thickness = 6.00 in
main reinf = 4x4 - W4.0 x W4.0 Horz bar L = 0.6Sh = 3.60 ft

bar size at nails = 4 (2 vert and 2 horz) Vert bar L = 0.6Sv = 3.00 ft
CIP Fascia 

thickness = 9.00 in
bar size 5 spaced at 12.0 in

Bearing Plate
square - size = 9.0 x 9.0 x 1.0 in thick

4 anchors spaced at = 6.00 in
anchor L = 6.50 in
anchor D = 0.75 in

DOES NOT GOVERN

SEC A-A
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Facing Design - Section B-B Station 2+20 to 5+20

Middle Portion of Wall L = 25'

DTL = 1,700 plf for Top 3 Rows; 2,500 plf for Remaining Rows

Nail Head Force: 33 kips static; 32 kips seismic

Will use BDM Standard Sheet for dimensions and confirm with analysis along with spacing and nail information provided by Geotech:

From FHWA NHI 14-007/GEC No. 7:

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Per FHWA ‐ need min 2" 
CLR for studs for 
corrosion protection ‐
all walls will have 
additional ~1‐1.5" of 
formliner ‐ therefore 
will keep 1.5" clr for 
calculations.

SEC B-B
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Provided:

Nail Size = #10 Nail Head Force: 33 kips static; 32 kips seismic

Grade = 75.00 ksi

SH = 5.00 ft

SV = 5.00 ft

Step 1 - Calculate the Design Nail Head Tensile Force - Provided by Geotechs (did not need to compute)

Permanent Static:  

To = 33.00 kips

γEV = 1.35 (AASHTO LRFD, Table 3.4.1-2, EV for retaining walls, per FHWA)

Seismic:

To = 32.00 kips (provided by Geotech)

FEQ = 0 kips (added for max height of panel above grade)

To = 32.00 kips

Υ = 1.00 (AASHTO LRFD, Table 3.4.1-1, Extreme Event I)

Step 2 - Select Wall Facing Thickness:

shotcrete thickness (h) = 6.00 in (initial)

CIP Fascia thickness (h) = 9.00 in (final)

Step 3 - Select Soil Wall Materials:

Bar Nail fy = 75.00 ksi (provided by Geotech)

Initial Facing - Shotcrete

WWF fy = 60.0 ksi

f'c = 4.0 ksi Specifications 6-18.3(2), shotcrete f'c=4000 psi

WWF = 4x4 - W4.0 x W4.0

ahm, avm = 0.12 in2 /ft

Bars at Nails = 4 (2 vert, 2 horz)

Bar As = 0.20 in2

No bars vert = 2

AVN = 0.40 in2

No bars horz = 2

AHN = 0.40 in2

Loads provided are from Geotech and have been 
converted to To (design nail tensile force).

SEC B-B
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Perm Facing - CIP Fascia

 Rebar fy = 60.0 ksi

CIP bars = 5

Bar As = 0.31 in2 / bar

spacing = 12.0 in

f'c = 4.0 ksi

Bearing Plate/Anchors

LBP = 9.0 in

WBP = 9.0 in

tp = 1.0 in

fy = 36.00 ksi Grade ASTM A36

no. of studs NH = 4 (per BDM example)

headed stud dia DSC  = 0.75 in

stud shaft area As = 0.44 in2

head size DSH = 1.30 in

clr = 1.50 in

shaft L = 6.13 in

head  tSH = 0.375 in (per BDM example)

Ls = shaft L + tSH = 6.50 in (max for CIP thickness)

SSH, spa = 6.00 in

fy = 60.00 ksi A307, Grade A

Step 4 - Flexural Resistance:

mm in.

SEC B-B
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JMB DATE 11/23/2021
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Initial Facing (Shotcrete)

avm = 0.12 in2
ahm = 0.12 in2

avn = avm + AVN/SH ahn = ahm + AHN/SV

AVN = 0.40 in2
AHN = 0.40 in2

SH = 5.0 ft SV = 5.0 ft

avn = 0.20 in2 /ft ahn = 0.20 in2 /ft

F = (avn + avm) * SH/SV*h F = (ahn + ahm) * SV/SH*h

h = 0.50 ft h = 0.50 ft
F = smaller of: F = 0.16 F = 0.16

RFF = 3.8*CF*fy*F

CF = 1.50 (Table 6.5, for initial, thickness =  6.00 inches)

RFF = 54.72 kips

CDR = φFF*RFF/γ*To

φFF = 0.90 (Table 5.9)

Static: γEV = 1.35

To = 33.00 kips
Flexural Resistance CDR = 1.11 >= 1.00 OK

Seismic γ = 1.00
To = 32.00 kips

Flexural Resistance CDR = 1.54 >= 1.00 OK

Check reinforcement ratios:

(horizontal) ρTOT = 0.89 %

(vertical) ρTOT = 0.89 %

ρmin = 0.25 % ρmax = 2.00 %
(horizontal) < 0.89 OK > 0.89 OK

(vertical) < 0.89 OK > 0.89 OK

SEC B-B
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                                                                                                     22                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section B-B Station 2+20 to 5+20

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Final Facing (CIP Fascia)

avm = avn = 0.31 in2
ahm = ahn = 0.31 in2

SH = 5.0 ft SV = 5.0 ft

F = (avn + avm) * SH/SV*h F = (ahn + ahm) * SV/SH*h
h = 0.75 ft h = 0.75 ft

F = smaller of: F = 0.47 F = 0.47

RFF = 3.8*CF*fy*F

CF = 1 (Table 6.5, for final)

RFF = 106.02 kips

CDR = φFF*RFF/γ*To

φFF = 0.90 (Table 5.9)

Static: γEV = 1.35
To = 33.00 kips

Flexural Resistance CDR = 2.14 >= 1.00 OK

Seismic: γ = 1.00
To = 32.00 kips

Flexural Resistance CDR = 2.21 >= 1.00 OK

Check reinforcement ratios:

(horizontal) ρTOT = 1.15 %

(vertical) ρTOT = 1.15 %

ρmin = 0.25 % ρmax = 2.00 %
(horizontal) < 1.15 OK > 1.15 OK

(vertical) < 1.15 OK > 1.15 OK

SEC B-B
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                                                                                                     23                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section B-B Station 2+20 to 5+20

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Step 5 - Facing Punching Shear Resistance:

SEC B-B
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                                                                                                     24                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section B-B Station 2+20 to 5+20

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Initial Facing (Shotcrete) D'c = LBP + hi

LBP = 9.00 in

hc = hi = 6.00 in
D'c = 15.00 in
VF = 71.99 kips

CP = 1.00 (assume negligible)

RFP = CP*VF = 71.99 kips

CDR = φFP*RFP/γ*To

φFP = 0.90 (Table 5.10)

Static: γEV = 1.35
To = 33.00 kips

Punching Shear CDR = 1.45 >= 1.00 OK

Seismic: γ = 1.00
To = 32.00 kips

Punching Shear CDR = 1.50 >= 1.00 OK

Final Facing (CIP Fascia) D'c = smaller SSH+hc  or   2*hc

hc = LS + tp - tSH

LS = 6.50 in
tp = 1.0 in

tSH = 0.375 in
hc = 7.125 in

SSH = 6.00 in

SSH+hc  = 13.125 in

2*hc = 14.25 in
D'c (min) = 13.125 in

VF = 74.80 kips

CP = 1.00 (assume negligible)

RFP = CP*VF = 74.80 kips

CDR = φFP*RFP/γ*To

φFP = 0.90 (Table 5.9)

Static: γEV = 1.35
To = 33.00 kips

Punching Shear CDR = 1.51 >= 1.00 OK

Seismic: γ = 1.00
To = 32.00 kips

Punching Shear CDR = 1.56 >= 1.00 OK

SEC B-B
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                                                                                                     25                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section B-B Station 2+20 to 5+20

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Step 6 - Facing Head Stud Resistance:

NH = 4

As = 0.44 in2

fy = 60.00 ksi
RFH = 105.98 kips

CDR = φFP*RFP/γ*To

φFP = 0.70 (Table 5.11)

Static: γEV = 1.35
To = 33.00 kips

Stud Resistance CDR = 1.67 >= 1.00 OK

Seismic: γ = 1.00
To = 32.00 kips

Stud Resistance CDR = 1.72 >= 1.00 OK

Summary
Shotcrete Layer:

 thickness = 6.00 in
main reinf = 4x4 - W4.0 x W4.0 Horz bar L = 0.6Sh = 3.00 ft

bar size at nails = 4 (2 vert and 2 horz) Vert bar L = 0.6Sv = 3.00 ft
CIP Fascia 

thickness = 9.00 in
bar size 5 spaced at 12.0 in

Bearing Plate
square - size = 9.0 x 9.0 x 1.0 in thick

4 anchors spaced at = 6.00 in
anchor L = 6.50 in
anchor D = 0.75 in

GOVERNS FOR SECTIONS - SEE TOP ROW MAX FOR FINAL 
THICKNESS OF SHOTCRETE AND CIP CONCRETE

SEC B-B
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                                                                                                     26                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section C-C Station 5+20 to 6+06 (end)

North End of Wall L = 20'

DTL = 1,700 plf for Top Row; 2,500 plf for Remaining Rows

Nail Head Force: 27 kips static; 27 kips seismic

Will use BDM Standard Sheet for dimensions and confirm with analysis along with spacing and nail information provided by Geotech:

From FHWA NHI 14-007/GEC No. 7:

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Per FHWA ‐ need min 2" 
CLR for studs for 
corrosion protection ‐
all walls will have 
additional ~1‐1.5" of 
formliner ‐ therefore 
will keep 1.5" clr for 
calculations.

SEC C-C
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                                                                                                     27                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section C-C Station 5+20 to 6+06 (end)

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Provided:

Nail Size = #8 Nail Head Force: 27 kips static; 27 kips seismic

Grade = 75.00 ksi

SH = 6.00 ft

SV = 5.00 ft

Step 1 - Calculate the Design Nail Head Tensile Force - Provided by Geotechs (did not need to compute)

Permanent Static:  

To = 27.00 kips

γEV = 1.35 (AASHTO LRFD, Table 3.4.1-2, EV for retaining walls, per FHWA)

Seismic:

To = 27.00 kips

Υ = 1.00 (AASHTO LRFD, Table 3.4.1-1, Extreme Event I)

Step 2 - Select Wall Facing Thickness:

shotcrete thickness (h) = 6.00 in (initial)

CIP Fascia thickness (h) = 9.00 in (final)

Step 3 - Select Soil Wall Materials:

Bar Nail fy = 75.00 ksi (provided by Geotech)

Initial Facing - Shotcrete

WWF fy = 60.0 ksi

f'c = 4.0 ksi Specifications 6-18.3(2), shotcrete f'c=4000 psi

WWF = 4x4 - W4.0 x W4.0

ahm, avm = 0.12 in2 /ft

Bars at Nails = 4 (2 vert, 2 horz)

Bar As = 0.20 in2

No bars vert = 2

AVN = 0.40 in2

No bars horz = 2

AHN = 0.40 in2

Loads provided are from Geotech and have been 
converted to To (design nail tensile force).

SEC C-C
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                                                                                                     28                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section C-C Station 5+20 to 6+06 (end)

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Perm Facing - CIP Fascia

 Rebar fy = 60.0 ksi

CIP bars = 5

Bar As = 0.31 in2 / bar

spacing = 12.0 in

f'c = 4.0 ksi

Bearing Plate/Anchors

LBP = 9.0 in

WBP = 9.0 in

tp = 1.0 in

fy = 36.00 ksi Grade ASTM A36

no. of studs NH = 4 (per BDM example)

headed stud dia DSC  = 0.75 in

stud shaft area As = 0.44 in2

head size DSH = 1.30 in

clr = 1.50 in

shaft L = 6.13 in

head  tSH = 0.375 in (per BDM example)

Ls = shaft L + tSH = 6.50 in (max for CIP thickness)

SSH, spa = 6.00 in

fy = 60.00 ksi A307, Grade A

Step 4 - Flexural Resistance:

mm in.

SEC C-C
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                                                                                                     29                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section C-C Station 5+20 to 6+06 (end)

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

SEC C-C
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                                                                                                     30                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section C-C Station 5+20 to 6+06 (end)

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Initial Facing (Shotcrete)

avm = 0.12 in2
ahm = 0.12 in2

avn = avm + AVN/SH ahn = ahm + AHN/SV

AVN = 0.40 in2
AHN = 0.40 in2

SH = 6.0 ft SV = 5.0 ft

avn = 0.19 in2 /ft ahn = 0.20 in2 /ft

F = (avn + avm) * SH/SV*h F = (ahn + ahm) * SV/SH*h

h = 0.50 ft h = 0.50 ft
F = smaller of: F = 0.18 F = 0.13

RFF = 3.8*CF*fy*F

CF = 1.50 (Table 6.5, for initial, thickness =  6.00 inches)

RFF = 45.60 kips

CDR = φFF*RFF/γ*To

φFF = 0.90 (Table 5.9)

Static: γEV = 1.35

To = 27.00 kips
Flexural Resistance CDR = 1.13 >= 1.00 OK

Seismic γ = 1.00
To = 27.00 kips

Flexural Resistance CDR = 1.52 >= 1.00 OK

Check reinforcement ratios:

(horizontal) ρTOT = 0.89 %

(vertical) ρTOT = 0.85 %

ρmin = 0.25 % ρmax = 2.00 %
(horizontal) < 0.89 OK > 0.89 OK

(vertical) < 0.85 OK > 0.85 OK

SEC C-C
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                                                                                                     31                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section C-C Station 5+20 to 6+06 (end)

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Final Facing (CIP Fascia)

avm = avn = 0.31 in2
ahm = ahn = 0.31 in2

SH = 6.0 ft SV = 5.0 ft

F = (avn + avm) * SH/SV*h F = (ahn + ahm) * SV/SH*h
h = 0.75 ft h = 0.75 ft

F = smaller of: F = 0.56 F = 0.39

RFF = 3.8*CF*fy*F

CF = 1 (Table 6.5, for final)

RFF = 88.35 kips

CDR = φFF*RFF/γ*To

φFF = 0.90 (Table 5.9)

Static: γEV = 1.35
To = 27.00 kips

Flexural Resistance CDR = 2.18 >= 1.00 OK

Seismic: γ = 1.00
To = 27.00 kips

Flexural Resistance CDR = 2.18 >= 1.00 OK

Check reinforcement ratios:

(horizontal) ρTOT = 1.15 %

(vertical) ρTOT = 1.15 %

ρmin = 0.25 % ρmax = 2.00 %
(horizontal) < 1.15 OK > 1.15 OK

(vertical) < 1.15 OK > 1.15 OK

SEC C-C
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                                                                                                     32                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section C-C Station 5+20 to 6+06 (end)

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Step 5 - Facing Punching Shear Resistance:

SEC C-C
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                                                                                                     33                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section C-C Station 5+20 to 6+06 (end)

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Initial Facing (Shotcrete) D'c = LBP + hi

LBP = 9.00 in

hc = hi = 6.00 in
D'c = 15.00 in
VF = 71.99 kips

CP = 1.00 (assume negligible)

RFP = CP*VF = 71.99 kips

CDR = φFP*RFP/γ*To

φFP = 0.90 (Table 5.10)

Static: γEV = 1.35
To = 27.00 kips

Punching Shear CDR = 1.78 >= 1.00 OK

Seismic: γ = 1.00
To = 27.00 kips

Punching Shear CDR = 1.78 >= 1.00 OK

Final Facing (CIP Fascia) D'c = smaller SSH+hc  or   2*hc

hc = LS + tp - tSH

LS = 6.50 in
tp = 1.0 in

tSH = 0.375 in
hc = 7.125 in

SSH = 6.00 in

SSH+hc  = 13.125 in

2*hc = 14.25 in
D'c (min) = 13.125 in

VF = 74.80 kips

CP = 1.00 (assume negligible)

RFP = CP*VF = 74.80 kips

CDR = φFP*RFP/γ*To

φFP = 0.90 (Table 5.9)

Static: γEV = 1.35
To = 27.00 kips

Punching Shear CDR = 1.85 >= 1.00 OK

Seismic: γ = 1.00
To = 27.00 kips

Punching Shear CDR = 1.85 >= 1.00 OK

SEC C-C
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                                                                                                     34                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Section C-C Station 5+20 to 6+06 (end)

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Step 6 - Facing Head Stud Resistance:

NH = 4

As = 0.44 in2

fy = 60.00 ksi
RFH = 105.98 kips

CDR = φFP*RFP/γ*To

φFP = 0.70 (Table 5.11)

Static: γEV = 1.35
To = 27.00 kips

Stud Resistance CDR = 2.04 >= 1.00 OK

Seismic: γ = 1.00
To = 27.00 kips

Stud Resistance CDR = 2.04 >= 1.00 OK

Summary
Shotcrete Layer:

 thickness = 6.00 in
main reinf = 4x4 - W4.0 x W4.0 Horz bar L = 0.6Sh = 3.60 ft

bar size at nails = 4 (2 vert and 2 horz) Vert bar L = 0.6Sv = 3.00 ft
CIP Fascia 

thickness = 9.00 in
bar size 5 spaced at 12.0 in

Bearing Plate
square - size = 9.0 x 9.0 x 1.0 in thick

4 anchors spaced at = 6.00 in
anchor L = 6.50 in
anchor D = 0.75 in

DOES NOT GOVERN

SEC C-C
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                                                                                                     35                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Top Row of Nails - Governing Condition

Will use BDM Standard Sheet for dimensions and confirm with analysis along with spacing and nail information provided by Geotech:

From FHWA NHI 14-007/GEC No. 7:

This design check is for the top row of nails to account for the facing panel extensions above grade.  The governing (highest) panel is at STA 2+38 and will 
be ~9ft above grade to top of concrete panel.  The capacity of this section was checked similar to a noise wall (fixed at the first nail) for a railing load, wind 
load and seismic load per AASHTO to confirm the facing thickness and required reinforcement.  The governing load condition was computed to be the 
extreme (seismic) condition.  The additional force acting on the top row of nails is added to the provided nail forces to check facing design and connection 
details.

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Per FHWA ‐ need min 2" 
CLR for studs for 
corrosion protection ‐
all walls will have 
additional ~1‐1.5" of 
formliner ‐ therefore 
will keep 1.5" clr for 
calculations.

Top Row Max
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                                                                                                     36                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Top Row of Nails - Governing Condition

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Provided:

Location = Section B-B - where max panel is located and also max load provided by geotch

Nail Size = #10

Grade = 75.00 ksi

SH = 5.00 ft

SV = 5.00 ft

Step 1 - Calculate the Design Nail Head Tensile Force - Provided by Geotechs (did not need to compute)

Seismic:

To = 31.26 kips (Provided by Geotech)

FEQ = 15.71 kips (added for max height of panel above grade - see separate seismic calcs)

To = 46.97 kips

Υ = 1.00 (AASHTO LRFD, Table 3.4.1-1, Extreme Event I)

Step 2 - Select Wall Facing Thickness:

shotcrete thickness (h) = 6.00 in (initial)

CIP Fascia thickness (h) = 9.00 in (final)

Step 3 - Select Soil Wall Materials:

Bar Nail fy = 75.00 ksi (provided by Geotech)

Initial Facing - Shotcrete

WWF fy = 60.0 ksi

f'c = 4.0 ksi Specifications 6-18.3(2), shotcrete f'c=4000 psi

WWF = 4x4 - W4.0 x W4.0

ahm, avm = 0.12 in2 /ft

Bars at Nails = 4 (2 vert, 2 horz)

Bar As = 0.20 in2

No bars vert = 2

AVN = 0.40 in2

No bars horz = 2

AHN = 0.40 in2

Loads provided are from Geotech and have been 
converted to To (design nail tensile force).

Design load at the top nail was provided for Max Section B-B (at STA 3+80) - which 
represents the area where this max section is located - conservative, as wall height 

at step location is lower.

Top Row Max
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                                                                                                     37                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Top Row of Nails - Governing Condition

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Perm Facing - CIP Fascia

 Rebar fy = 60.0 ksi

CIP bars = 5

Bar As = 0.31 in2 / bar

spacing = 12.0 in

f'c = 4.0 ksi

Bearing Plate/Anchors

LBP = 9.0 in

WBP = 9.0 in

tp = 1.0 in

fy = 36.00 ksi Grade ASTM A36

no. of studs NH = 4 (per BDM example)

headed stud dia DSC  = 0.75 in

stud shaft area As = 0.44 in2

head size DSH = 1.30 in

clr = 1.50 in

shaft L = 6.13 in

head  tSH = 0.375 in (per BDM example)

Ls = shaft L + tSH = 6.50 in (max for CIP thickness)

SSH, spa = 6.00 in

fy = 60.00 ksi A307, Grade A

Step 4 - Flexural Resistance:

mm in.

Top Row Max
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                                                                                                     38                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Top Row of Nails - Governing Condition

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Top Row Max
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                                                                                                     39                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Top Row of Nails - Governing Condition

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Initial Facing (Shotcrete)

avm = 0.12 in2
ahm = 0.12 in2

avn = avm + AVN/SH ahn = ahm + AHN/SV

AVN = 0.40 in2
AHN = 0.40 in2

SH = 5.0 ft SV = 5.0 ft

avn = 0.20 in2 /ft ahn = 0.20 in2 /ft

F = (avn + avm) * SH/SV*h F = (ahn + ahm) * SV/SH*h

h = 0.50 ft h = 0.50 ft
F = smaller of: F = 0.16 F = 0.16

RFF = 3.8*CF*fy*F

CF = 1.50 (Table 6.5, for initial, thickness =  6.00 inches)

RFF = 54.72 kips

CDR = φFF*RFF/γ*To

φFF = 0.90 (Table 5.9)

Seismic γ = 1.00
To = 46.97 kips

Flexural Resistance CDR = 1.05 >= 1.00 OK

Check reinforcement ratios:

(horizontal) ρTOT = 0.89 %

(vertical) ρTOT = 0.89 %

ρmin = 0.25 % ρmax = 2.00 %
(horizontal) < 0.89 OK > 0.89 OK

(vertical) < 0.89 OK > 0.89 OK

Top Row Max
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                                                                                                     40                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Facing Design - Top Row of Nails - Governing Condition

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Final Facing (CIP Fascia)

avm = avn = 0.31 in2
ahm = ahn = 0.31 in2

SH = 5.0 ft SV = 5.0 ft

F = (avn + avm) * SH/SV*h F = (ahn + ahm) * SV/SH*h
h = 0.75 ft h = 0.75 ft

F = smaller of: F = 0.47 F = 0.47

RFF = 3.8*CF*fy*F

CF = 1 (Table 6.5, for final)

RFF = 106.02 kips

CDR = φFF*RFF/γ*To

φFF = 0.90 (Table 5.9)

Seismic: γ = 1.00
To = 46.97 kips

Flexural Resistance CDR = 1.50 >= 1.00 OK

Check reinforcement ratios:

(horizontal) ρTOT = 1.15 %

(vertical) ρTOT = 1.15 %

ρmin = 0.25 % ρmax = 2.00 %
(horizontal) < 1.15 OK > 1.15 OK

(vertical) < 1.15 OK > 1.15 OK

Top Row Max
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Facing Design - Top Row of Nails - Governing Condition

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Step 5 - Facing Punching Shear Resistance:

Top Row Max
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Facing Design - Top Row of Nails - Governing Condition

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Initial Facing (Shotcrete) D'c = LBP + hi

LBP = 9.00 in

hc = hi = 6.00 in
D'c = 15.00 in
VF = 71.99 kips

CP = 1.00 (assume negligible)

RFP = CP*VF = 71.99 kips

CDR = φFP*RFP/γ*To

φFP = 0.90 (Table 5.10)

Seismic: γ = 1.00
To = 46.97 kips

Punching Shear CDR = 1.02 >= 1.00 OK

Final Facing (CIP Fascia) D'c = smaller SSH+hc  or   2*hc

hc = LS + tp - tSH

LS = 6.50 in
tp = 1.0 in

tSH = 0.375 in
hc = 7.125 in

SSH = 6.00 in

SSH+hc  = 13.125 in

2*hc = 14.25 in
D'c (min) = 13.125 in

VF = 74.80 kips

CP = 1.00 (assume negligible)

RFP = CP*VF = 74.80 kips

CDR = φFP*RFP/γ*To

φFP = 0.90 (Table 5.9)

Seismic: γ = 1.00
To = 46.97 kips

Punching Shear CDR = 1.06 >= 1.00 OK

Top Row Max
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Facing Design - Top Row of Nails - Governing Condition

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JMB DATE 11/23/2021
DMP DATE 11/23/2021

Step 6 - Facing Head Stud Resistance:

NH = 4

As = 0.44 in2

fy = 60.00 ksi
RFH = 105.98 kips

CDR = φFP*RFP/γ*To

φFP = 0.70 (Table 5.11)

Seismic: γ = 1.00
To = 46.97 kips

Stud Resistance CDR = 1.17 >= 1.00 OK

Summary
Shotcrete Layer:

 thickness = 6.00 in
main reinf = 4x4 - W4.0 x W4.0 Horz bar L = 0.6Sh = 3.00 ft

bar size at nails = 4 (2 vert and 2 horz) Vert bar L = 0.6Sv = 3.00 ft
CIP Fascia 

thickness = 9.00 in
bar size 5 spaced at 12.0 in

Top Row Bearing Plate
square - size = 9.0 x 9.0 x 1.0 in thick

4 anchors spaced at = 6.00 in
anchor L = 6.50 in
anchor D = 0.75 in

GOVERNS FOR FINAL THICKNESS OF SHOTCRETE AND CIP 
CONCRETE

Top Row Max
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Concrete Stem Analysis
Input

stem ht = 9.00 ft (max at Wall Station 2+38 step)
Coping above stem = 0.83 ft

Rail ht = 3.50 ft
Depth to first nail = 2.00 ft (typ 2.0 ft from top)

Analysis H = 15.33 ft
 stem width = 0.75 ft (ignoring extra thickness on top of shotcrete)

Load Factors AASHTO LRFD T 3.4.1-1
Design check with Strength I limit state: LL 1.75 (WAC fall protection rail load only)
Design check with Strength V limit state: LL 1.35 (WAC fall protection rail and wind load)
Design check with Strength III limit state: WS 1.00 (Wind only)
Design check with Extreme Event I limit state: EQ 1.00 (Seismic only)

WAC Fall Protection Load

F = 0.20 k (unfactored)
Strength I 0.35 k (factored) (for check with no other loads)
Strength V 0.27 k (factored) (for check with wind)

F = 0.10 k (unfactored) (F/2)
0.175 k (factored) (Strength I)
0.135 k (factored) (Strength V)

DMP DATE 9/24/2020

Loading would transfer into the wall via the wall connection/rebar spaced at an interval to resist the loading between the max 8-ft post locations.  Assume 2 
closest bars (connection bars to be spaced at 24") to post location take half loading each (remaining portion of wall does not help to resist loads). See wall 
cap connection calculations for connection bar design. 

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 8/7/2020

9 FT

Stem Check
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DMP DATE 9/24/2020

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 8/7/2020

Materials Input

f'c = 4.0 ksi BDM 5.1.1.B.2
β1 = 0.85 And per Plan Sheets

fy = 60.0 ksi BDM 5.1.2

γe = 1 AASHTO LRFD 5.6.7

modulus of rupture coefficient = 0.24 AASHTO LRFD 5.4.2.6
fr = 0.480 ksi

wc = 0.155 kcf BDM 3.8

Ec = 4576 ksi AASHTO LRFD 5.4.2.4-1

n = 29000 = 6.34
4576

λ = 1.0 AASHTO LRFD 5.4.2.8

γ1 = 1.60 AASHTO LRFD 5.6.3.3
γ3 = 0.75 (per notes for ASTM A706, Grade 60)

Structural Design Loads

Analysis H = 15.33 ft (height above fixed point of stem where load acts)
Strength I (WAC Fall Protection)

Vu = 0.18 k

Mu = 2.68 k-ft (Analysis Ht * Vu)

Minimum Reinforcement

Minimum Reinforcement AASHTO LRFD 5.6.3.3
1.33 Mu = 3.57 k-ft

S = I/c = =1/12 (b) (h)^3 = 729 = 162 in3

c 4.5

γ1 γ3 fr S
Mcr = 1.60 x 0.75 x 0.48 x 162 = 7.78 k-ft

12

Strength I Loading Summary

Vu = 0.18 k
Mu = 3.57 k-ft =MAX( Mu, MIN(1.33Mu, Mcr ))

Stem Check
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DMP DATE 9/24/2020

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 8/7/2020

Strength V (WAC Fall Protection and Wind)

WAC Fall Protection

Vu = 0.14 k

Mu = 2.07 k-ft (Analysis Ht * Vu)

Wind Loading
PZ = 0.0197 ksf (see Intro sheets for development)

apply as liner pressure over H = 13.33 ft (rail h = 3.5' + coping 0.83' + panel h = 9')
Vu = 0.26 kips (factor = 1)

Acting at 0.55*H + 2 ft to Nail Connection = 9.33 ft
Ms/Mu = 2.45 k-ft

Combined Vu = 0.40 k
Mu = 4.52 k-ft

Minimum Reinforcement

Minimum Reinforcement AASHTO LRFD 5.6.3.3
1.33 Mu = 6.01 k-ft

S = I/c = =1/12 (b) (h)^3 = 729 = 162 in3

c 4.5

γ1 γ3 fr S
Mcr = 1.60 x 0.75 x 0.48 x 162 = 7.78 k-ft

12

Strength V Loading Summary

Vu = 0.40 k
Mu = 6.01 k-ft =MAX( Mu, MIN(1.33Mu, Mcr ))

Stem Check
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DMP DATE 9/24/2020

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 8/7/2020

Strength III (Wind Loading)

Wind Loading
PZ = 0.0316 ksf (see Intro sheets for development)

apply as liner pressure over H = 13.33 ft (rail h = 3.5' + coping 0.83' + panel h = 9')
Vu = 0.42 kips (factor = 1)

Acting at 0.55*H + 2 ft to Nail Connection = 9.33 ft
Mu = 3.93 k-ft

Minimum Reinforcement

Minimum Reinforcement AASHTO LRFD 5.6.3.3
1.33 Mu = 5.23 k-ft

S = I/c = =1/12 (b) (h)^3 = 729 = 162 in3

c 4.5

γ1 γ3 fr S
Mcr = 1.60 x 0.75 x 0.48 x 162 = 7.78 k-ft

12

Strength III Loading Summary

Vu = 0.42 k
Mu = 5.23 k-ft =MAX( Mu, MIN(1.33Mu, Mcr ))

Extreme Event I (Seismic)

Provided - see separate seismic calculations
Vu = 3.93 k
Mu = 6.24 k-ft

Service I (Wind 70mph and Normal Operating Loads)

Wind Loading
PZ = 0.015 ksf (see Intro sheets for development)

apply as liner pressure over H = 13.33 ft (rail h = 3.5' + coping 0.83' + panel h = 9')
Vs = 0.20 kips (factor = 1)

Acting at 0.55*H + 2 ft to Nail Connection = 9.33 ft
Ms = 1.87 k-ft

WAC Loading (Service I, LL factor = 1)
Vs = 0.10 k
ht = 15.33 ft

Ms = 1.53 k-ft (Analysis Ht * Vu)

Service I Loading Summary

Vs = 0.30 k
Ms = 3.40 k-ft

Stem Check

Page 49



                                                                                                     48                        51JOB NO. SHEET OF
PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

DMP DATE 9/24/2020

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 8/7/2020

Flexural Design

Strength: Φ Flexure = 0.9 assumes tension controlled AASHTO LRFD 5.5.4.2
Extreme: 1.0  for seismic loads

Stem

h = 9.00 in
center of bars = 4.5 in

Bar size = 5
0.31 sq in / bar

de = 9.00 - 4.50 + 5 = 4.81 in
16

dc = 4.50 + 5 = 4.81 in
16

Bar spacing = 12 in
As / ft = 0.31 sq in / ft

stress block depth, a = As x fy = 0.46 in
0.85 x f'c x 12

Strength: Φ Mn = 0.90 x As x fy (de - a/2) = 6.40 k-ft > 6.01 OK
Extreme: Φ Mn = 1.00 x As x fy (de - a/2) = 7.11 k-ft > 6.24 OK

Crack Control AASHTO LRFD 5.6.7
Crack control is required where the tension in the section exceeds 80% modulus of rupture (fr) = 0.480 ksi

80%fr = 0.384 ksi
Compute section area moment to equal criteria above and compare to moment from loading:

M*c/I = 0.384 S = I/c = 162 in3

M = 5.184 k-ft > 3.40 OK Do not need to provide crack control 

Stem

reinforcement ratio ρ = As = = 0.0054
b de 12.00 x 4.81

0.229

0.92

fss = Min ( 0.6 Fy, Mserv  ) = 29.60 ksi
As (j) de

= 2.64 AASHTO LRFD 5.6.7-2

= -0.67 in AASHTO LRFD 5.6.7-1
< 12 NG<-

0.31

Stem Check
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DMP DATE 9/24/2020

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 8/7/2020

Shear Design AASHTO LRFD 5.7.3.3
Strength: Φ Shear = 0.90
Extreme: 1.0  for seismic loads

β = 2.00
θ = 45° AASHTO LRFD 5.5.4.2

bv = 12.00 in  AASHTO LRFD 5.7.3.4.1

Stem

0.9 de = 0.90 x 4.81 = 4.33 in
0.72 h = 0.72 x 9.00 = 6.48 in AASHTO LRFD 5.7.2.8

dv = max( 0.9 de, 0.72 h ) = 6.48 in

AASHTO LRFD 5.7.3.3-3

Vc = 9.83 k
Strength: Φ Vn = 8.85 k > 0.42 OK
Extreme: Φ Vn = 9.83 k > 3.93 OK

Summary Bar # Spa
Bars: 5 @ 12 in (in panels above top row of nails)

Stem Check
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Additional Checks
Temp Shrinkage in Wall Panels above grade

Check max panel:

stem h = 9.00 ft (max at Wall Station 2+38 step)

108.00 in

stem b = 1.25 ft

15.00 in

fy = 60.00 ksi BDM 5.1.2

As ≥ 0.14 in2
each way on back face

Provide Bar = 4
As = 0.20 sq in / bar > 0.14 OK

Spacing:

thickness less than 18"

spa ≤ 18 in
spa ≤ 3*b

45 in
max spa = 18 in

- reinforcement is provided for front face of CIP, check meets min requirements, and apply As for reinforcement for back face of wall for temp/shrinkage.

DMP DATE 9/26/2020

 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 9/25/2020

AASHTO Min Checks
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 PS19203160
Design Wall 09.05R-B

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 9/25/2020

Development Length WWF in shotcrete for lap lengths 

db = 0.23 in W4
fy = 60.00 ksi BDM 5.1.2
λ = 1.00 AASHTO 5.4.2.8)

f'c = 4.00 ksi BDM 5.1.1.B.2
√f'c = 2 ksi

lhd = 4.294 in

Aw = 0.04 W4
fy = 60.00 ksi BDM 5.1.2

sw = 4.00 in
λ = 1.00

f'c = 4.00 ksi
√f'c = 2.00 ksi

lhd = 1.89 in

lhd = 4.29 in (max)

min lap = 1.3*lhd

min lap = 6 in
Or = 8 in (min)

lap = 8 in

AASHTO Min Checks
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Introduction

Determine the seismic loading on the above grade portion of soil nail wall 09.05R-B using LARSA
Model the wall using plate elements. Fix the wall at the base.

 
Final Design Wall 09.05R-B

I-405 Design Build
DMP 9/21/2020
EHP 9/22/2020

09.05R-B Larsa Seismic
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Model Overall View

LARSA Input

Material Properties

Final Design

EHP 9/22/2020

 
Wall 09.05R-B

I-405 Design Build
DMP 9/21/2020

09.05R-B Larsa Seismic
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Geometry

Plate area = 0.5 x 0.5 = 0.25 sq ft

Thickness = 11.91 in, okay, adjusted to account for cracked section

Wall length = 250.00 - 238.00 = 12.00 ft 12' in larsa, OK

1 Wall ht = 171.00 - 160.00 = 11.00 ft 11.5' in larsa, OK
2 Wall ht = 171.00 - 162.50 = 8.50 ft 9.0' in larsa, OK

1 Length = 3.00 ft Ok
2 Length = 2.00 ft Ok
3 Length = 7.00 ft Ok

 
Final Design Wall 09.05R-B

I-405 Design Build
DMP 9/21/2020
EHP 9/22/2020

09.05R-B Larsa Seismic
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Loads

Self Wt.

wt factor, z = -1.26 accounts for plate thickness adjustment

 
Final Design Wall 09.05R-B

I-405 Design Build
DMP 9/21/2020
EHP 9/22/2020

09.05R-B Larsa Seismic
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Fence Load

Total fence wt = 0.055 x 3 = 0.165 k

wt / ft = 0.165 / 12.00 = 0.014 k / ft, reasonable

EHP 9/22/2020

 
Final Design Wall 09.05R-B

I-405 Design Build
DMP 9/21/2020

09.05R-B Larsa Seismic
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RSA Curves / Loads

Response Spectra

Time (sec) Acceleration (ft/s²)
0 0.517 0.5172 1.0

0.1 1.176 1.1760 1.0
0.2 1.176 1.1760 1.0
0.3 1.176 1.1760 1.0
0.4 1.061 1.0613 1.0
0.5 0.849 0.8490 1.0
0.6 0.708 0.7075 1.0
0.7 0.606 0.6064 1.0
0.8 0.531 0.5306 1.0
0.9 0.472 0.4717 1.0

1 0.425 0.4245 1.0
1.1 0.386 0.3859 1.0
1.2 0.354 0.3538 1.0
1.3 0.327 0.3265 1.0
1.4 0.303 0.3032 1.0
1.5 0.283 0.2830 1.0
1.6 0.265 0.2653 1.0
1.7 0.25 0.2497 1.0
1.8 0.236 0.2358 1.0
1.9 0.223 0.2234 1.0

2 0.212 0.2123 1.0
2.1 0.202 0.2021 1.0
2.2 0.193 0.1930 1.0
2.3 0.185 0.1846 1.0
2.4 0.177 0.1769 1.0
2.5 0.17 0.1698 1.0
2.6 0.163 0.1633 1.0
2.7 0.157 0.1572 1.0
2.8 0.152 0.1516 1.0
2.9 0.146 0.1464 1.0

3 0.142 0.1415 1.0
3.1 0.137 0.1369 1.0
3.2 0.133 0.1327 1.0
3.3 0.129 0.1286 1.0
3.4 0.125 0.1249 1.0
3.5 0.121 0.1213 1.0
3.6 0.118 0.1179 1.0
3.7 0.115 0.1147 1.0
3.8 0.112 0.1117 1.0
3.9 0.109 0.1088 1.0

4 0.106 0.1061 1.0
4.1 0.104 0.1035 1.0
4.2 0.101 0.1011 1.0
4.3 0.099 0.0987 1.0
4.4 0.096 0.0965 1.0
4.5 0.094 0.0943 1.0
4.6 0.092 0.0923 1.0
4.7 0.09 0.0903 1.0
4.8 0.088 0.0884 1.0
4.9 0.087 0.0866 1.0

5 0.085 0.0849 1.0

 
Final Design Wall 09.05R-B

I-405 Design Build
DMP 9/21/2020
EHP 9/22/2020
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09.05R-B Larsa Seismic
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AASHTO 3.10

100% Direction 1 - 30% Direction 2

30% Direction 1 - 100% Direction 2

 
Final Design Wall 09.05R-B

I-405 Design Build
DMP 9/21/2020
EHP 9/22/2020

09.05R-B Larsa Seismic
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Number of Modes

Mode Shape Cumulative Per Cumulative Per Cumulative Per Mass Z
1 M1: f = 16.9, t = 1.17E-23 62.64035 3.00E-23
2 M2: f = 35.58, t 1.22E-23 62.73439 3.17E-23
3 M3: f = 89.3, t = 1.58E-21 72.16426 1.57E-21
4 M4: f = 105.94, t 2.78E-21 80.56821 1.69E-21
5 M5: f = 112.03, t 63.71391 80.56821 1.212071
6 M6: f = 137.4, t 63.71391 82.61083 1.212071
7 M7: f = 213.42, t 63.71391 83.45563 1.212071
8 M8: f = 224.45, t 63.71391 83.67841 1.212071
9 M9: f = 244.97, t 65.72909 83.67841 84.81549

10 M10: f = 256.49 65.72909 87.0851 84.81549
11 M11: f = 294.92 86.38684 87.0851 86.19146
12 M12: f = 339.5, t 86.38684 88.83591 86.19146
13 M13: f = 357.19 86.38684 89.25755 86.19146
14 M14: f = 383.15 86.38934 89.25755 86.23537
15 M15: f = 411.81 86.38934 89.3239 86.23537
16 M16: f = 414.78 86.38934 89.60686 86.23537
17 M17: f = 451.33 87.19411 89.60686 87.1981
18 M18: f = 465.9, t 87.19411 91.25784 87.1981
19 M19: f = 480.94 89.91949 91.25784 87.32425
20 M20: f = 523.83 89.91949 91.25819 87.32425
21 M21: f = 577.34 89.91949 91.3662 87.32425
22 M22: f = 595.25 92.6595 91.3662 87.38086
23 M23: f = 653.69 92.6595 92.10832 87.38086
24 M24: f = 655.21 92.97517 92.10832 90.40788
25 M25: f = 670.7, t 92.97517 92.12008 90.40788
26 M26: f = 679.93 93.54955 92.12008 90.45209
27 M27: f = 688.0, t 93.54955 92.58095 90.45209
28 M28: f = 701.69 93.5629 92.58095 91.60355
29 M29: f = 721.64 93.5629 93.33189 91.60355
30 M30: f = 780.56 95.05161 93.33189 92.97468
31 M31: f = 781.31 95.05161 93.58736 92.97468
32 M32: f = 796.48 95.20058 93.58736 95.48043
33 M33: f = 811.81 95.20058 93.62005 95.48043
34 M34: f = 840.96 95.20058 93.70685 95.48043
35 M35: f = 856.96 95.35259 93.70685 95.53812 35 modes OK for cumulative mass
36 M36: f = 875.72 95.3652 93.70685 95.73635
37 M37: f = 916.37 95.7075 93.70685 95.75085
38 M38: f = 946.76 95.85549 93.70685 95.75243
39 M39: f = 957.36 95.85549 93.71964 95.75243
40 M40: f = 980.91 95.86084 93.71964 95.78288
41 M41: f = 982.93 95.86084 93.72488 95.78288
42 M42: f = 1,020.4 95.86084 93.73917 95.78288
43 M43: f = 1,021.4 96.38815 93.73917 95.86406
44 M44: f = 1,062.0 96.38815 94.16627 95.86406
45 M45: f = 1,071.5 96.42472 94.16627 96.34676
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CHECKED BY DATE Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Results

100% Direction 1 - 30% Direction 2

Joint Result Case Force X (kips
24 100% Directi 0.23
73 100% Directi 0.51
121 100% Directi 0.56
170 100% Directi 0.34
220 100% Directi 0.83
270 100% Directi 2.77
313 100% Directi 2.12
351 100% Directi 1.89
389 100% Directi 1.74
427 100% Directi 1.60 Delta To, k = 15.71
465 100% Directi 1.45 M k-ft / ft = 6.24
503 100% Directi 0.70 V k / ft = 3.93

30% Direction 1 - 100% Direction 2

Joint Result Case Force X (kips
24 30% Directio 0.07
73 30% Directio 0.15
121 30% Directio 0.17
170 30% Directio 0.10
220 30% Directio 0.25
270 30% Directio 0.83
313 30% Directio 0.64
351 30% Directio 0.57
389 30% Directio 0.52
427 30% Directio 0.48
465 30% Directio 0.44
503 30% Directio 0.21 2.22 1.55 5.63 0.65

47.12 74.92

1.16 0.62 7.41 0.06
2.08 0.98 7.00 0.16

0.77 0.14 8.37 0.09
0.97 0.35 7.84 0.07

21.56 0.55 14.73 3.99
3.24 0.16 8.99 0.58

2.39 0.30 1.31 1.01
5.67 0.26 1.77 2.27

1.69 0.96 4.26 0.17
3.25 0.71 2.57 0.67

Moment X (kips-ftMoment Z (kips-ft
2.14 1.26 5.05 0.05

Force Y (kips) Force Z (kips)

0.02
0.05
0.20

Force Y (kips)
0.64

Force Z (kips)
4.21

Moment X (kips-ft
1.51

0.68
1.20
0.18

0.87
1.85
0.53

0.97
0.72
1.70
6.47
0.97

0.03
0.02

Moment Z (kips-ft
0.02
0.05
0.20
0.30

22.48

0.51 3.19 1.28

2.51
2.35
2.22
2.10
1.69

0.77
0.39
0.53
4.42
2.70

14.14

2.36
1.01

0.47
1.18
2.05
3.26
5.18

0.23
0.29
0.35
0.62
0.66

DMP 9/21/2020
EHP 9/22/2020
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PHASE TASK

JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Concrete Cap Connection Check - FALL PROTECTION ONLY
Input

Rail h = 3.5' + cap thickness to top of wall = 0.83'
Analysis H = 4.33 ft (from load at top of rail to fixed based in concrete fascia)
 stem width = 1.25 ft (at top of panel - total thickness)

Load Factors
design check with Strength I limit state: PL 1.75 LRFD T 3.4.1-1

Fall Protection Load

PLL = 0.20 k (unfactored) (Per Post)
0.35 k (factored)

Materials Input

f'c = 4.0 ksi BDM 5.1.1.B.2
β1 = 0.85 And per Plan Sheets

fy = 60.0 ksi BDM 5.1.2

γe = 0.75 LRFD 5.6.7

modulus of rupture coefficient = 0.24 LRFD 5.4.2.6
fr = 0.480 ksi

wc = 0.155 kcf BDM 3.8

Ec = 4576 ksi LRFD 5.4.2.4-1

n = 29000 = 6.34
4576

λ = 1.0 LRFD 5.4.2.8

9/30/2020

Loading would transfer into the wall via the wall connection/rebar spaced at an interval to resist the loading between the 8-ft post locations.  Assume 
precast coping to be provided at no more than 8-ft sections per discussion with contractor.  Therefore 1 post would act on one coping section.  Assume 1 
bar on each side of post resists post loading. 

 PS19203160
Design Wall Cap Connection

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 9/28/2020
DGB DATE

Cap Connection - FALL
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JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

9/30/2020

 PS19203160
Design Wall Cap Connection

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 9/28/2020
DGB DATE

Structural Design Loads

Stem Loads

Analysis H = 4.33 ft (height  above top of stem where load acts)
Shear

Vu = 0.35 k

Moment
Mu = 1.52 k-ft (Analysis Ht * Vu)
Ms = 0.87 k-ft (as above, unfactored)

Minimum Reinforcement

Minimum Reinforcement LRFD 5.6.3.3
1.33 Mu = 2.02 k-ft

Stem Loading Summary

Vu = 0.35 k
Mu = 2.02 k-ft

Mserv = 0.87 k-ft

Flexural Design

Φ Flexure = 0.9 assumes tension controlled LRFD 5.5.4.2
Stem

b = 48.00 in Tributary Width of Coping  Containing Two Connection Bars (1 Ea. Side of Post)
h = 15.00 in

distance to bars = 7.50 in (at mid of panel section)
Bar size = 4

0.20 sq in / bar

Coping Embed = 8.00 in Depth Connection is Embedded into Precast Coping
Development Length = 14.40 in Development Length of Connection Bar

de = 15.00 - 7.50 - 4 = 7.25 in
16

dc = 7.50 - 4 = 7.75 in
16

# Bars (Legs) = 2
As = 0.222 sq in Efffective Area (Based on Partial Development)

stress block depth, a = As x fy = 0.08 in
0.85 x f'c x b

Φ Mn = 0.90 x As x fy (de - a/2) = 7.21 k-ft > 2.02 OK

Cap Connection - FALL
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JOB NAME Colorado Center Tower II
BY 2000 S. Colorado Blvd., Ste 2-1000

CHECKED BY Denver, CO 80222
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9/30/2020

 PS19203160
Design Wall Cap Connection

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 9/28/2020
DGB DATE

Crack Control LRFD 5.6.7
Crack control is required where the tension in the section exceeds 80% modulus of rupture (fr) = 0.480 ksi

80%fr = 0.384 ksi

Compute section area moment to equal criteria above and compare to moment from loading:

S = I/c = =1/12 (b) (h)^3 = 13500 = 1800 in3

c 7.5

M*c/I = 0.384
M = 57.6 k-ft > 0.87 OK Crack control Not Required

reinforcement ratio ρ = As = = 0.0026
b de 12.00 x 7.25

0.164

0.95

fss = Min ( 0.6 Fy, Mserv  ) = 6.83 ksi
As (j) de

= 2.53 LRFD 5.6.7-2

= 14.92 in LRFD 5.6.7-1
> 2 OK

Shear Design LRFD 5.7.3.3
Φ Shear = 0.90

β = 2.0
θ = 45° LRFD 5.5.4.2

bv = 12 in  LRFD 5.7.3.4.1

Stem

0.9 de = 0.90 x 7.25 = 6.53 in
0.72 h = 0.72 x 15.00 = 10.80 in LRFD 5.7.2.8

dv = max( 0.9 de, 0.72 h ) = 10.80 in

LRFD 5.7.3.3-3

Vc = 16.38 k
Φ Vn = 14.74 k

> 0.35 OK

0.222222222

Cap Connection - FALL
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9/30/2020

 PS19203160
Design Wall Cap Connection

I-405; Renton To Belleview Widening and Express Toll Lanes Project

JDF DATE 9/28/2020
DGB DATE

Shear Friction Interface Check

LRFD 5.7.4.3-4

Ignore c cohesion)
Ignore Pc - net compressive load)

Φ Vn = 0.9*µ*Avf*fy LRFD 5.7.4.4

Avf = 0.2222 in2 (#4 bar) Cohesion and Friction Factors
fy = 60.0 ksi
µ = 0.6

Φ Vn = 7.20 k
> 0.35 OK

Cap Connection - FALL
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